find here vascular spongy bone containing numerqus spaces which show a central blood-vessel surrounded by some connective tissue. Osteoclasts are not found at this stage. Later on the diseased area becomes sclerosed by deposit of new bone in the walls of the spaces. The process usually extends to the stapedio-vestibular joint and results in bony fixation of the stapes. In the early stages the nerve structures are normal as a rule, but in the later there is usually a considerable degree of atrophy affecting Corti's organ, the stria vascularis, the spiral ganglion and the cochlear nerve.
THEORIES AS TO THE PATHOLOGY OF OTOSCLEROSIS.
There appear to be only four possible ways in which the affection may arise: It may be congenital; it may follow inflammatory changes in the middle ear; it may be due to infection through the blood; it may be caused by abnormal conditions in the nerve supply of the parts affected. For convenience we may take these possibilities in the following order:
(1) Otosclerosis is regarded by some as a chronic inflammatory process spreading from the mucoperiosteum of the middle ear and following attacks of catarrhal or suppurative otitis media. The inflammatory condition is supposed to linger about the niche of the oval window and to invade the bone from the deep layer of the mucosa. Such an invasion may be favoured by the anastomosis which occurs at this spot between the tympanic vessels and those of the bony labyrinth capsule. Further, as Walker and I have pointed out, the joints in the middle ear are the only articulations in the body covered by mucous membrane and therefore liable to infection from the surface.
This view of the pathology of otosclerosis does not by any means exclude the hereditary transmission of a tendency to the disease. It may well be that in certain families the mucosa of the middle ear and the bony capsule of the labyrinth are congenitally weak, and therefore unable to resist infection from the surface. In the same way there seems to be evidence that in certain families cases of suppurative otitis media are specially liable to develop labyrinthine or intracranial complications. In cases of middle-ear suppuration several -observers have noted changes in the bony capsule of the labyrinth similar to those seen in the early stages of otosclerosis-i.e., stage of ostitis vasculosa or spongification.
Against the theory that otosclerosis is an inflammatory condition following otitis media we must place the facts that-(a) in most cases the mucosa of the middle ear is normal (it is well known, however, that otitis media may pass off and leave little or no trace); (b) plasma cells are absent (I am not sufficiently skilled in pathology to deal with this point, but it has been stated that plasma cells are not invariably present in inflammatory conditions) ; (c) areas of osteoporosis are found in spots far distant from the mucosa of the middle ear (this will be dealt with later).
(2) According to the second theory, otosclerosis is a congenital anomaly of the process of growth in the petrous temporal bone, due to the presence of certain determinants in the patient's blood. This anomaly only becomes manifest after puberty. Under normal conditions the growth of the membranous labyrinth and its bony capsule ceases soon after birth, though islands of cartilage may occur in the labyrinth capsule in the region of the anterior margin of the oval window (figs. 9 and 10). According to the second theory growth continues in this cartilage bone and later spreads to the footplate of the stapes, finally resulting in ankylosis. Those who hold this view lay great stress on the hereditary transmission of the disease, though they admit that the immediate cause of otosclerosis may be provided by puberty, by the puerperium, or by disease of the tympanic mucosa. Further, Siebenmann, who supports this theory, points out the similarlty of the changes seen in otosclerosis to those which occur in a rib in cases of empyema. (In such cases the process must surely invade the rib from the periosteum ?) (3) A third group of otologists look on otosclerosis as a primary disease of the bone, the infection coming by way of the blood-stream, as in osteomalacia, rheumatism, &c. Ferreri regards otosclerosis as closely allied to osteomalacia, and finds that almost all patients suffering from the latter disease are also the subjects of otosclerosis. A variant of this view is held by our President, Dr. A. A. Gray, who has put forward the theory that otosclerosis is an aseptic necrosis of certain areas in the labyrinth capsule-apparently as a result of aseptic infarction. Gray. believes that similar areas occur in other bones of the skeleton. It, would certainly be of great interest to examine other bones, though it would not be so easy in them to identify areas of ostitis vasculosa. as it is in the dense labyrinth capsule. A grave objection to the theory that otosclerosis is a puerperal infection is the fact that it is very common in young unmarried women, while the cases so commonly met with in men must, of course, be explained in another way. If, for a 4s5 moment, we-consider theories (1) and (3) together, we may compare them with those put forward regarding the connexion between tonsillitis and rheumatism. Formerly it was held that attacks of tonsillitis were of "rheumatic origin "-i.e., that the tonsil was presumably infected through the blood-stream. More recently opinion has turned round, so that it is now held that rheumatism is of " tonsillar origin "-that is to say, that the blood-stream becomes infected from the tonsils. In my opinion the number of cases of otosclerosis which are looked on as secondary to otitis media is likely in the future to grow larger, while the number of the so-called primary cases is likely to decrease.
(4) Lastly, otosclerosis is regarded by a small group of observers as due to a trophic disturbance-i.e., as a degenerative atrophic process. According to this theory the changes (sometimes) found in the ganglia and nerves are primary, while those in the labyrinth capsule are secondary. In this connexion it may be noted that certain cases, which clinically appeared to be examples of nerve deafness, on microscopic examination showed spongification of the labyrinth capsule with (Siebenmann), or without (Bruehl), ankylosis of the stapes. This type of otosclerosis associated with nerve deafness-the so-called " atypical otosclerosis "-is markedly hereditary. Again, spongification of the bone in front of the oval window has been observed in an old wom-an aged 82 (Wolff), and in two other cases in old people (Mayer). On the other hand, advanced cases of otosclerosis have been microscopically examined, in which no degenerative changes were found in the nerve structures.
NATURE OF THE CHANGES IN THE BONE IN OTOSCLEROSIS.
According to Siebenmann the changes are as follow: (1) Accordingly, it seems probable that the bone which stains deeply with hlemalum or hEematoxylin is not new bone at all, but merely the old bone of the region, the staining reaction of which has been altered by the change it has undergone owing to the vascular dilatation and the consequent increased supply of lymph. If we grant that in the stage of osteoporosis some irritant, inflammatory or toxic condition be present, it will be obvious that in order to combat this condition the part needs an increased blood supply. The vessels of the Haversian spaces therefore dilate, the marrow proliferates, and the spaces become enlarged. It is not necessary that the bone should be removed by osteoclasts.
FIG. 3 (Section 255).
Vertical transverse section through cochlea showing two areas of ostitis vasculosa. At the apex of the cochlea the bony changes reach the endosteum. 1, basal coil; 2, middle coil; 3, helicotrema; 4, two small areas of ostitis vasculosa; 5, cholesteatoma; 6, tubal part of tympanic cavity; 7, area of ostitis vasculosa. ( x 8.)
Bone yields before long-continued pressure exerted by structures much softer than itself-e.g., the enlarged mastoid antrum and tympanic attic in cases of cholesteatoma, in the walls of which I have never observed osteoclasts. Later on, when the local chronic inflammatory or toxic process has been overcome, the vascular supply diminishes and the bone again becomes sclerotic and loses its affinity for basic stains.
In support of the first-mentioned view as to the pathology of otosclerosis-namely, that it is a chronic inflammatory process invading the labyrinth capsule from the deep layer of the mucosa in. the region FIG. 4 (Section 195) . Vertical transverse section through cochlea showing three areas of ostitis vasculosa in the cochlear capsule. 1, areas of otosclerosis; 2, tensor tympani; 3, cholesteatoma; 4, external meatus; 5, tympanic membrane; 6, lower part of tympanic cavity; 7, apical coil of cochlea; 8, basal coil of cochlea; 9, area of ostitis vasculosa. (x 8.) of the anterior margin of the oval window-I bring forward the following case, the clinical notes of which are, unfortunately, very meagre:-J. H., male, aged 19, had suffered from chronic middle-ear suppuration of unknown origin for many years. The patient was a foundling, and nothing is known as to his parentage; he was a very dull boy and " backward" in every way according to the account of his guardian. He was in and out of the poorhouse on several occasions, before his last admission on May 11, 1911.
FIG. 5 (Section 135).
Vertical transverse section through capsule of cochlea, showing a large area of ostitis vasculosa in front of the hollow spaces of the cochlea. 1, middle fossa; 2, large area of ostitis vasculosa; 3, tensor tympani; 4, anterior bony wall of external meatus; 5, tubal part of the tympanic cavity; 6, fatty marrow; 7, fibrous marrow; 8, normal cartilage bone (interglobular bone) of cochlear capsule. The section is made anterior to the hollow spaces of the cochlea, and only shows the cochlear capsule. (x 8.) Death occurred on May 15, and at the autopsy a large temporo-sphenoidal abscess was discovered. As the patient had not been seen by an otologist, and as no functional examination had been carried out, it was not at first 2 9 6 FIG. 6 (Section 445). Vertical section through the posterior part of the labyrinth in the region of the semicircular canal. Note the spongy condition of the bone (2) on the inner wall of the mastoid antrum (4). 1, superior canal; 2, area of ostitis vasculosa? passing in towards fossa subarcuata; 3, floor of middle fossa; 4, cholesteatoma in antrum; 5, external canal; 6, posterior canal. towards the ampullary end--the canal here contains bone dust (artefact); 7, saccus endolymphaticus; 8, crus commune; 9, posterior cranial fossa. Note change in the bone {ostitis vasculosa) passing inwards from the cholesteatoma matrix on inner wall of antrum. In this situation the veins from the inner wall of the antrum pass through the fossa subarcuata to the posterior cranial fossa to join the inferior petrosal sinus. The condition seen in the photomicrograph is, however, not found under normal conditions. (x 8.) Vertical transverse section through head of foetal pig showing the fcetal cartilaginous capsule of the labyrinth on both sides. The endolymph spaces are patent, but the perilymph spaces are still filled with foetal connective tissue. 1, footplate of stapes; 2, facial nerve; 3, incus; 4, malleus; 5, Eustachian tube; 6, naso-pharynx; 7, mouth cavity; 8, hyoid; 9, Meckel's cartilage; 10, lower jaw; 11, external auditory meatus; 12, external canal; 13, hollow of auricle; 14, superior canal; 15, utricle; 16, saccule; 17, cochlear nerve. Note the cartilage capsule of the labyrinth extending from above 14 to the basi sphenoid which lies above 6. ( x 8.) thought to be worth while to examine the ear microscopically. A vertical sawcut was therefore made through the temporal bone from the external to the internal meatus in order to demonstrate cholesteatoma in the tympanic cavity and attic. As the specimen did not show this very well, it was determined to examine the ear microscopically in order to observe the condition of the labyrinth (cholesteatoma deafness?). In view of the fact that the labyrinth capsule showed extensive areas of ostitis vasculosa, it may readily be imagined that I was not too pleased with myself for having destroyed with the saw the regions of the oval and round windows. It is further unlucky that the plane of the saw-cut is not a favourable one for microscopic examination of the V t /l . 4i. :
l'3 I -. . . fig. 7 , but lies horizontally instead of vertically. The perilymph spaces of the vestibule, and canals are now patent, but in the cochlea the perilymph space is still filled by foetal connective tissue. 1, superior canal; 2, vessels of fossa subarcuata ; 3, utricle; 4, cochlear nerve; 5, saccule; 6, scala tympani still solid; 7; cochlear canal; 8, scala vestibuli stifl solid; 9, Eustachian tube; 10, mouth cavity; 11, lower jaw; 12, tympanic cavity only reaches malleus and anterior margin of oval window; r3, external auditory meatus; 14, external semicircular, canal. 15, auricle; 16, facial nerve. The posterior and upper parts of the tympanic cavity are still filled with feetal connective tissue. The perilymph space of the vestibule and canals is now patent, though that of the cochlea is still filled with fcetal connective tissue. (x 8.) labyrinth. The results of the examination may be summarized as follows: The Eustachian tube showed normal epithelium, but the submucous tissue was thickened and showed cystic spaces (fig. 4) . The tympanic cavity, aditus and antrum were lined by cholesteatoma ( figs. 3 and 6) . The bony walls of the attic and antrum show large spaces containing connective tissue and bloodvessels, but no giant cells (ostitis vasculosa?) ( fig. 6 ). On the inner wall of the tympanum in the anterior margin of the oval window there is an area of FIG. 9. Horizontal section through labyrinth of full term foetus showing island of cartilage (3) in the bone of the anterior margihi of the oval window. 1, footplate of stapes; 2, track of cartilage; 3, fcetal rest of cartilage; 4, endosteal bone; 5, lamellar bone; 6, cochlear nerve; 7, vestibular nerve; 8, sacculus; 9, utriculus. ( x 12.) ostitis vasculosa in the labyrinth capsule ( fig. 1 ). If we start at this point we can trace the spread of the disease in the wall of the labyrinth between the periosteal and cartilage bone round to the region of the internal auditory meatus, and over the apex of the cochlea to the anterior part of the bony capsule of this structure (figs. 2 to 5). At the apical coil of the cochlea the spongification reaches the perilymph space ( fig. 3) . Further back on the inner wall of the aditus and antruimi, in the region where the vessels of the fossa subarcuata begin, the bone shows large spaces containing blood-vessels and connective tissue (fig. 6 ). The marrow surrounding the labyrinth capsule appears at all parts to be very fibrous ( figs. 3 and 4) . Beyond this the marrow is fatty, but cellular marrow is entirely absent. In the case of specimens obtained from the human subject it is never wise to be dogmatic in regard to changes in the delicate nerve structures of the labyrinth, even in cases (such as the present) where the temporal bone was obtained within twenty-four hours of death and at once placed in fixative, With this proviso it may be stated that Corti's organ appears to be atrophied in all coils; only the outline of this structure is visible. The cells of the spiral ganglion also appear to be shrunken, and their place is taken by connective tissue. The vestibule, along with the ampullary ends of the canals, were destroyed by the saw-cut.
I have found changes, somewhat similar to those seen in the labyrinth capsule of this case, in the malleus and incus obtainied from cases of chronic middle-ear suppuration in which the ossicles were diseased (figs. 13 and 15). It is my belief that a chronic infective process, such as a pyogenic osteomyelitis, a syphilitic or tubercular osteomyelitis, or the condition known as ostitis vasculosa, may invade the mucoperiosteum of the inner tympanic wall, infect the marrow spaces of the lamellar bone, and finally invade the lymph space described above. When once this has been opened up the chronic infective process may spread round the cochlea between the lamellar and cartilage bone, and even progress as far as the internal auditory meatus. This theory meets the objection Eroded incus from a case of chronic middle ear suppuration. 1, body of incus; 2, articular surface; 3, eroded long process; 4, invasion of the marrow spaces by a chronic form of osteomyelitis analogous to that seen in the labyrinth capsule in otosclerosis and congenital syphilitic deafness; 5, short process of incus. Note large marrow space with dilated vessels extending from region of eroded long process. (x 15.) raised by Politzer-that otosclerosis cannot be secondary to an infection of the tympanic mucosa, because the otosclerotic change has been found in the region of the internal meatus, where there is no mucous membrane connected with the middle-ear spaces.
